10
The Chemical Engineering Plant Cost Index (CEPCI) is widely used for 11 updating the capital costs of process engineering projects. Typically, 12
forecasting it requires twenty or so parameters. As an alternative, we suggest 13 a correlation for predicting the index as a function of readily available and 14 forecast macro-economic indicators: 15
with k o the first year of the period under consideration, i k the interest rate on 17 US bank prime loans in year k, and P oil the US domestic oil price in year n. 
The Chemical Engineering Plant Cost Index 34
Process engineers often require to forecast or update the capital cost of new 35 plants as a function of historical data on plants that were previously built. 36
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Cost indices are available for estimating the escalation of costs over the 1 years, from a year m where the known or estimated cost is C m and the index 2 takes the value I m , to a year n where it is C n and the index takes value I n . the 3 projected cost in year n is then 4 5 C n = ( I n / I m ) x C m Eqn (1) 6 7 Several indices are available to the process engineer; for example the 8
Nelson-Farrar Refinery Cost Index published in the Oil&Gas Journal is widely 9 used in the oil and gas industry; the Marshall and Swift equipment cost index, 10 which was published monthly in Chemical Engineering is primarily based on US cost data, the relative lack of local and specialised 21 cost indices for the process industries amongst the countries in the world 22 (according to The Institution of Chemical Engineers, 2000) might explain its 23 widespread adoption. The dominance of the US dollar as an international 24 currency has also favoured the use of an index based in the US. Often, the 25 CEPCI is used alongside a location factor to transpose the estimate from one 26 country to another. 27
28
The CEPCI is a composite index, made up from the weighted average of four 29 sub-indices, and currently calculated from the following equation: 30
CEPCI = 0.50675 E + 0.04575 B + 0.1575 ES + 0.290 CL Eqn. (2) 31
where E is the Equipment index, B is the Buildings index, ES is the 32
Engineering and Supervision index, and CL is the Construction Labour index 33 (Vatavuk, 2002) . 34
The Equipment index E itself is in fact a weighted average of seven 35 components, including: Heat exchangers and tanks; process machinery; 36 pipes, valves and fittings; process instruments; pumps and compressors; 37 electrical equipment; structural supports and miscellaneous. 38
In turn, each sub-index is the weighted average of sub-indices, derived from 39 monthly Producer Price Indices (PPIs, that are compiled by the US such as taxation and subsidies as they are more site-specific, particular to a 3 given state or region of the world.) The interdependence of these factors 4 means that care is required in selecting macroeconomic indicators that will 5 act as independent parameters in a model for the CEPCI. 6 7
Financial costs 8
Finance costs play a critical role in the construction of process plants. Prior to 9 the decision on whether or not to invest in the plant and build it, they are 10 typically factored in as "cost of capital" for the purpose of calculating a Net 11 Present Value (NPV). In order for a project to be viable, the NPV must be as 12 high as possible, highlighting the prime importance of financing costs to the 13 industry. 14 The considerable extent to which financial costs have an impact on cost 15 escalation has been known for a while. Often 'real' interest rates in which 16 inflation has been discounted are used in NPV calculations when inflation is 17 not explicitly applied to the data. However in this paper we are seeking to 18 correlate an inflation indicator (the CEPCI) with interest rates, and therefore 19 we wish to exploit this relationship, rather than nullify it through the use of a 20 'real' interest rate. For this reason, we only consider uncorrected interest 21
rates. 22
The question is then, what is the observed relationship between inflation and 23 interest rates in historical data? Back in 1981, Remer and Gastineau 24 remarked that interest rates (taken as US AAA corporate bonds) and inflation 25 (taken as the rate of increase of the EPE index) tended to cancel each other 26 out for the purpose of calculating NPV on engineering projects, due to a 27 certain degree of correlation between the two. We found that this still applied 28 to some extent throughout the period from 1958 to 2011, for example we 29 found a linear regression coefficient R 2 = 0.19 between the CEPCI inflation 30 rate and the yearly averaged rate on prime loans, as shown in Figure 1 . 31
This result is not surprising. It can be expected that any rise in the cost of 32 financing will affect the CEPCI at several levels, from the costs to the 33 company commissioning the plant to the cost of contractors and equipment, 34
with everyone passing on their financing costs to their customers unless 35 competition is significant and margins are wide enough to cushion any rise in 36 interest rates. Conversely, market forces will also influence the cost of 37 financing: depending on inflation figures, Central Banks like the Federal 38
Reserve in the US will sell or buy back securities on the open market and in 39 competition with private investors. While their mandated aim in doing so is to 40 achieve an interest rate that they have set, ultimately the intended 41 consequence is to keep the economy within a safe and fairly narrow window 42 of inflation by controlling the availability of money. 43
When looking for a suitable indicator for finance costs, we considered both 44 the rates on US AAA corporate bonds (long term) and the rates on US prime 45 loans (short term), the data being collated by the Federal Reserve Bank of1 2012a) and b)). Both rates are expected to be representative of the range 2 that would be available to industry. In this work, we tested both as 3 parameters, and settled for the one that gave the best fit correlations. 4 5
Market forces and the price of oil 6
Alongside financing costs, market forces like the balance of supply and 7 demand for raw materials, for plant components and for labour are expected 8 to affect prices significantly. While we have just seen that finance costs are 9 connected to some extent to market forces, we found that the yearly change 10 in the price of oil seems to bear no apparent correlation with interest rates 11 (for example, R 2 = 0.0004 with rates on prime loans from 1958 to 2011, as 12 shown in Figure 2 ; and still R 2 = 0.014 when replacing the yearly change in 13 the price of oil by the yearly % change in the price of oil). Therefore, we 14 chose the price of the barrel of oil as our second indicator, as a major driving 15 force for inflation that will gauge the state of the market fairly independently 16 from interest rates. The historical data for US domestic crude oil prices was 17 taken from (Illinois Oil and Gas Association, 2012), however other 18 benchmarks could also be used (e.g. Brent or WTI). For the same type of 19
reason that we chose to use raw interest rates rather than real interest rates, 20 the yearly averages for the price of oil were taken without discounting 21 inflation, i.e. we believe that the CEPCI being an escalation index it may as 22 well be accounted for by inflation in the price of its contributing factors. 23 24
Productivity and the cost of labour 25
Finally, we also attempted to consider productivity and the cost of labour as a 26 factor influencing the CEPCI. The relevant index that combine these two 27 elements is the unit labour cost (in US $ labour cost per US $ output) 28 published by BLS. However, we found some degree of linear correlation 29 between the % change over a year of the unit labour cost and the interest 30 rates (R 2 = 0.45 over the period 1958 to 2011 when considering prime loan 31 rates, as shown in Figure 3 ). It might be that low interest rates encourage 32 investments that increase productivity, and therefore push down the unit 33 labour cost; conversely, high interest rates might discourage investments in 34 productivity. Therefore, including interest rates might indirectly account for 35 some at least of the effects of changes in productivity. 36 37
Parameters and method of the model 38
Starting with these datasets, we attempted to correlate the CEPCI linearly 39 with either the yearly average of the price of US crude oil (in $US/bbl), P oil (n), 40 or the yearly average of interest rates on prime loans (%), i n . In order to 41 distinguish between temporary effects and long term effects of the changes 42 in the price of oil and in the interest rates, we also introduced integrated 43 indices of these parameters. This approach was inspired by the following 44 consideration: all along the supply chain that leads to the construction of a 45 chemical plant, one would expect successive suppliers to pass on their 1 operating and financing costs to their customers, who themselves are 2 suppliers to other customers; so it is not unreasonable to expect that hikes in 3 costs are more likely to be fully passed on than savings. 4
5
With oil, we simply assumed a certain percentage of the costs could translate 6 into long term inflation. The resulting cumulative oil index I oil (n) in year n is 7 the integral of the price of oil, P oil from 1958 to year n, with a basis value of 8 100 ($US/bbl)•yr in 1958, 9
For the cumulative interest rate index I int (n) in year n, we first considered 12
compounding the yearly interest rates on prime loans from 1958 to year n, 13 with a basis value of 100 %•yr in 1958. However, we found it difficult with this 14 approach to take into account the proportion of escalation in costs that was 15
represented by financial costs, and also maintain the proportion of financial 16 costs to the CEPCI into a reasonably narrow range. We resolved these 17 difficulties after we stepped back to a differential formulation of the problem, 18
where ∂CEPCI(n) is the variation of CEPCI attributable to interest rate i n on 20 year n when all other variables are held constant, and Ais a proportionality 21 constant between the relative increase in the CEPCI and the interest rates.
22
On integrating, 23 Having now selected our parameters P oil (n), I oil (n), i n , and I int (n), we first 32 attempted correlating the CEPCI with each of these separately, and if the fit 33 was promising we tried to correlate the difference between the CEPCI and 34 the fit given by the first parameter, by a second parameter. 
Results

3
In the following we considered the rates on US prime loan rather than US 4 AAA corporate bonds. Both gave similar results. 5 6
In table 1, we reported the extent of the linear correlations between the 7 CEPCI and each of the four parameters that were introduced in the previous 8 section. It can be seen that the best fits were achieved for the cumulative 9 index for interest rates and the cumulative price of oil, with (R 2 ) values in the 10 range 0.93-0.96. The price of oil was also quite a strong factor. Interest rates 11 in themselves did not seem a determinant at all at R 2 = 0.0025, but the 12 cumulative index for interest rates achieved the highest fit at R 2 = 0.958 (with 13
A and  arbitrarily set at 0.2 and 1, respectively -these values constituted an 14 initial guess, and it so happened that they produced a good enough 15 correlation to warrant retaining the cumulated interest rate as a parameter 16 before further optimising them). linear fashion but at less than half the rate that was observed during the first 40 period.
42
Therefore, tentatively we retained the price of oil and the integrated interest 43 rate index as parameters. We then attempted to optimize the linear fit for the 44 10/24
to match the price of oil, separately for each of the three periods that were 3 identified in Figure 5 (allowing, if necessary, minor changes of boundaries). 4
The result is shown in Figure 6 . We found that the following correlation 5 applied: 6 
Respective influence of oil prices and interest rates 29
On Figures 5 and 6 , the lack of influence of the price of oil on the CEPCI in 30 the 1980's and 1990's may simply reflect the decrease in energy intensity 31 within the process industries after the two oil shocks of the 1970s (the two 32 successive rises of the oil prices during this period are very visible on Figure  33 5). By the early 1980s, the process industries had adapted and built 34 resilience to high oil prices, but the subsequent drop in prices did not result in 35 a drop in CEPCI. Instead, the CEPCI remained relatively flat for a few years 36 even though the price of oil dropped significantly during the 1980s (Figure 1 ).
37
When the prices began rising again, the CEPCI was seemingly unaffected up 38 BLS data taken from series PRS85006091 for the non-farm business sector, 27 which is also the one used for evaluating labour costs in the CEPCI). 28 29
Further improvements to CEPCI and its estimates 30 31
We found that the accuracy of the correlation over a limited number of years 32 could be excellent when using US prime loans. The following formula was 33 found to predict the CEPCI within less than 1% from 2004 to 2011: 34
where the values for A were specified when introducing Eqn. (8) . 37 38 This is much better that the 5% or so accuracy that can be found from 39 linear interpolation using the price of oil over the same period. but one member suggested a rise in interest rates would occur by the end 37 of the year, the majority of them suggesting that the rates should be set 38 between 0.5 and 1.25% by the end of 2015, the median being at 1%. The 1 'long term' value was expected to be set between 3.5% and 4.5% by all 2 but one of the members, with a median value of 4%. 3
4
In practice, the effective rate may not quite match the target rate but 5 should be quite close. In fact, the data for target rates can be 6 painstakingly collated from press releases by the FOMC, and that for 7 effective rates is available in tabulated form from e.g. ( an error of 9% as the financial crisis unfolded (Figure 9 ). In turn, the prime 12 bank loan rate correlates very well with the effective federal funds rate 13 with a slope of practically 1 and an offset of 3% point, as shown in Figure  14 10 for the period 2000 to 2012 (R 2 = 0.9993). In conclusion, it seems 15 reasonable to forecast the prime loan rate by simply adding 3% point to 16 the forecast target federal funds rate. 17 18
Forecasting oil prices 19 20
Oil companies will have their own forecast of oil process which will be 21 necessary for planning their operations, but these are not publicly 22 available. Forecast is also made by governmental and intergovernmental 23 institutions using macroeconomic models, e.g. by the US Energy 24
Information Administration under certain assumptions that include US and 25 global GDP growth as well as monetary policies and a host of other 26 factors. It has also been proposed to use Oil Futures Contracts as 27 forecast for the price of oil (Chinn and Coibion, 2013) , since their values 28 represent a compromise between the estimates of those who buy them 29 having factored in the risk that the prices will be higher, and those who sell 30 them having factored in the exact opposite risk. 31 Noting that the EIA used the West Texas Intermediate (WTI) benchmark 9 as its reference for crude oil price, we first correlated to it the Illinois Oil 10 and Gas Association (IOGA) which we had used for Eqn. (9). Historical 11 data for the WTI was taken from (BP, 2013), and it was found that the 12 IOGA was obtained by multiplying the WTI by 0.9114 to a very good 13 approximation (R 2 = 0.994 between 1976 and 2012). In addition, the oil 14 prices were brought back to current year values using the price index from 15 the same set of EIA data. We also noted that the EIA forecast for effective 16 federal funds rates in the reference scenario was consistent with the 17 FOMC's recent report to congress (FOMC, 2013) except for 2015 where it 18 was higher. For the sake of using a consistent set of data for oil and rates, 19 we chose to retain the EIA forecast rates, to which we added 3% point to 20
estimate the prime loan rates as described in section 4.4.1. it is worth also 21 mentioning that on inspecting the EIA forecast data, switching between 22 the high and low oil price scenarios resulted in fairly minor changes to the 23 interest rates up to 2020 when compared with the effect of GDP growth, 24 consistent with our finding in section 2.2 that the two parameters were 25 fairly independent from each other. 26
27
In addition to the EIA scenarios, we added a sixth scenario, "Futures", in 28 which we combined the interest rates from the EIA reference case with the 29 forecast given by the oil future markets (CME group, 2013). A plot of how 30 the oil prices compare for the different scenarios is given in figure 11 . 31
Interestingly, the markets seem to "think" that the EIA's reference forecast 32 is an overestimate, and is in closer agreement with the low oil price 33 scenario. 34 35 Table 2 and Table 3 present the values of the prime loan rates and oil 36 prices, respectively, under the different scenarios. 
Conclusions
30
From 1958 to 2011, an effective correlation was 31
with k o the first year of the period under consideration, i k the interest rate on 33 US bank prime loans in year k, and P oil the price of oil in year n. Table 4 : CEPCI forecast for the different scenarios ("reference"; "high 10 growth"; "low growth"; "high oil price", "low oil price"; and "Futures" 
